Bagaza virus (BAGV) has not been reported in birds in South Africa since 1978. We used phylogenetic analysis and electron microscopy to identify BAGV as the likely etiology in neurologic disease and death in Himalayan monal pheasants in Pretoria, South Africa. Our results suggest circulation of BAGV in South Africa.
T he flavivirus genus of family Flaviviridae consists of 53 virus species, including arboviruses of medical and veterinary relevance, such as West Nile virus and Bagaza virus (BAGV). BAGV was isolated in 1966 from Culex mosquitoes in the Bagaza district of Central African Republic (1) . In 1978, BAGV was isolated from turkeys with clinical signs similar to Israel turkey meningoencephalitis virus (ITV) in South Africa (2) . BAGV infection causes neurologic disease in avian species, especially turkeys and other members of the Phasianidae family; 1 report suggests that BAGV and ITV are the same viral species (3) .
BAGV also has been detected in various mosquito species in western Africa (4, 5) , India (6) , and the Arabian Peninsula (7) and in wild partridges in Spain (8) . No evidence of the virus has been reported in other parts of Africa. Zoonotic transmission was reported in India after patients with acute encephalitis demonstrated 15% positivity for BAGV neutralizing antibodies (6) . We report detection of BAGV in fatalities in Himalayan monal pheasants in South Africa during 2016-2017.
The Study
In April 2016, two Himalayan monal pheasants (Lophophorus impejanus) and 1 tragopan pheasant (Tragopan melanocephalus) suddenly died on a property northeast of Pretoria, Gauteng Province, South Africa. In June 2017, this property had another 4 monal pheasants that displayed signs of lethargy and ataxia and died within a day. Around the same time, a residence in the northern suburbs of Pretoria had 5 monal and 2 tragopan pheasants that exhibited neurologic signs and died. That residence had another incidence in 2018 when a monal pheasant exhibited neurologic disease. Also in 2018, a monal pheasant was found dead in North West Province, South Africa. The cause of these deaths was unknown. All the birds were adults that were locally bred from parents imported from Belgium >2 years before.
Brain tissue from the 16 birds was sent to the Department of Veterinary Tropical Diseases (DVTD), University of Pretoria, (Pretoria, South Africa), for virus isolation and to the Centre for Viral Zoonoses (CVZ), University of Pretoria for zoonotic arbovirus investigations. At the CVZ, we extracted RNA from the brain tissues by using the RNeasy Mini Kit (QIAGEN, https://www.qiagen.com) according to manufacturer's instructions under Biosafety Level 3 conditions. We used nested real-time reverse transcription Pan-Flavi assay targeting the nonstructural coding gene 5 (NS5) (9) to identify the etiologic agent (10, 11) . To obtain a larger NS5 gene segment, we performed additional PCR using SuperScript III/Platinum Taq Mix (Invitrogen, https://www.thermofisher.com) and the MAMD (9) and FLAVI-2 (10) primers with the following cycling conditions: 50°C for 30 min; 94°C for 15 min; 35 cycles of 94°C for 45 s, 50°C for 45 s, 72°C for 1 min; and 72°C for 10 min. We successfully obtained a larger NS5 gene segment for phylogenetic analyses, but only for 4 positive birds.
We assembled and edited sequence data by using CLC Main WorkBench (https://www.qiagenbioinformatics. com) and performed multiple sequence alignments using the online version of MAFFT (http://mafft.cbrc.jp/alignment/server/index.html) with default parameters. We used MEGA 6.06 (https://www.megasoftware.net) to view, edit, and truncate the datasets. We downloaded reference sequences for the flavivirus genus from GenBank (12) . We conducted maximum likelihood analysis in RAxML (13) , invoking the autoMRE bootstopping function applying a general time-reversible plus gamma model with default 4 rate categories on both datasets. We performed an analysis on the longer dataset by using BEAST version 1.8 (http:// beast.community) and a relaxed log-normal clock, general time-reversible plus gamma model, and default priors to generate a maximum clade credibility tree (MCC (Figure 1 ). Electron microscopy on 3 BAGV cultures (sample nos. ZRU350_17_1, ZRU350_17_2, and ZRU349_17_6) (Appendix Table) from 2017 confirmed the presence of Flaviviridae particles (Figure 2) . We observed fringed isometric and free-lying smooth-surfaced particles typical of Flaviviridae (Figure 2 , panels B and C).
Conclusions
We detected BAGV in the offspring of monal pheasants imported from Belgium to South Africa. We sequenced BAGV strains and found they monophyletically clustered with strains from Spain rather than strains from West Africa. However, nucleotide similarities in the large gene segment were highest when compared with a strain from Zambia that was isolated from a Cx. quinquefasciatus mosquito (GenBank accession no. LC318701.1; 14) , an endemic species in South Africa that could be a BAGV vector. We noted 2 distinct monophyletic clusters of BAGV, a cluster composed of strains from West Africa and older strains and a cluster containing the newly sequenced birds with BAGV from Spain and more recent strains that could indicate several circulating strains or genotypes. We used virus isolation and electron microscopy results to confirm the etiology of the agent as a flavivirus. The causative link between the clinical symptoms of the monal pheasants and evidence of BAGV infection should be regarded with caution because we did not exclude other possible infectious and noninfectious etiologies. However, detection of BAGV in the brain suggests crossing of the blood-brain barrier and exclusion of other flaviviruses, arboviruses, and orthobunyaviruses suggests BAGV as a probable cause. Future work will focus on next-generation sequencing to obtain full genomes because initial attempts were unsuccessful. More data are needed to determine the endemicity of BAGV and the reservoir host and vectors of BAGV in South Africa and to define the seroprevelance of these infections in birds and possibly in humans.
Acknowledgments
We would like to attribute this paper to the memory of Chris Kingsley, who submitted some of the cases to the project, and recognize him for his work in bird conservation. Dr. Kingsley sadly passed away before the Bagaza virus findings could be published. We would also like to acknowledge Louwtjie Snyman for his help with the phylogenetic analyses. 
About the Authors
Ms. Steyn is a virologist and PhD candidate at the Centre for Viral Zoonoses at the University of Pretoria, Pretoria, South Africa. Her primary research focuses on investigating arboviruses with zoonotic potential at human-animal interface areas. Mrs. Botha was a master's student and research assistant in the Centre for Viral Zoonoses at the University of Pretoria and currently is employed at a private pathology laboratory. Her primary interest is flaviviruses.
